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Objective: Cross-sex hormonal therapy and sex reassignment surgery (including gonadectomy) in transsexual 
persons has an impact on body composition and bone mass and size. However, it is not clear whether baseline 
differences in bone and body composition between transsexual persons and controls before cross-sex hor¬ 
monal therapy play a role. 

Design: A cross-sectional study with 25 male-to-female transsexual persons (transsexual women) before 
cross-gender sex steroid exposure (median age 30 years) in comparison with 25 age-matched control men 
and a male reference population of 941 men. 

Main outcome measures: Areal and volumetric bone parameters using respectively dual energy X-ray absorptiom¬ 
etry (DXA) and peripheral quantitative computed tomography (pQCT), body composition (DXA), grip strength 
(hand dynamometer), Baecke physical activity questionnaire, serum testosterone and 25-OH vitamin D. 

Results: Transsexual women before cross-sex hormonal therapy presented with less muscle mass (p < 0.001) and 
strength (p<0.05) and a higher prevalence of osteoporosis (16%) with a lower aBMD at the hip, femoral neck, 
total body (all p<0.001) and lumbar spine (p = 0.064) compared with control men. A thinner radial cortex 
(p<0.01) and lower cortical area at the radius and tibia (bothp<0.05) was found in transsexual women vs. con¬ 
trol men. Serum testosterone was comparable in all 3 groups, but 25-OH vitamin D was lower in transsexual 
women (p< 0.001). 

Conclusions: Transsexual women before the start of hormonal therapy appear to have lower muscle mass and 
strength and lower bone mass compared with control men. These baseline differences in bone mass might be re¬ 
lated to a less active lifestyle. 

© 2013 Elsevier Inc. All rights reserved. 


Introduction 

Male-to-female transsexual persons, also named ‘transsexual women’, 
undergo drastic changes in body composition and bone mass due to 
cross-sex hormonal therapy and sex reassignment surgery (SRS, incl. 
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gonadectomy, vaginoplasty) [1—10]. Up till now, conflicting results have 
been reported. Most published reports demonstrated a maintained 
areal bone mineral density (aBMD) after several years of cross-sex 
hormonal therapy and SRS [3,5,7,12] or even an increase in aBMD 
after minimum 2 years of treatment [1,6,8-10], However, a decrease 
in aBMD in transsexual women using less than 2 years of cross-sex 
hormonal therapy has been observed [8] and after median 8 years of 
estrogen therapy transsexual women seemed to have a lower aBMD, 
volumetric bone mineral density (vBMD) and smaller bone size in rela¬ 
tion to lower muscle mass and strength compared with male controls 
[4,11 ]. Next to insufficient compliance with estrogen substitution ther¬ 
apy after SRS, another possible reason for the lower aBMD in transsex¬ 
ual women compared with control men, could be the status of bone and 
body composition before the start of hormonal therapy and SRS. Only 
one study compared transsexual women before the start of cross-sex 
hormones and SRS with healthy control men [3[. Other research only 
described the rate of change of aBMD during hormonal therapy in retro¬ 
spective [1,6,12] or, prospective [7] design and a few cross-sectional 
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studies compared transsexual women with control males after 8 months 
up to 12.5 years of cross-sex hormonal therapy [4,5,9,10]. Haraldsen 
and colleagues observed a lower aBMD and lean body mass and higher 
fat body mass in 21 transsexual women prior to hormonal therapy com¬ 
pared with control males [3]. This study and nearly all but two other 
studies [4,5] used classical dual X-ray absorptiometry (DXA), which has 
limitations due to its two-dimensional projection technique: i.e. larger 
bones and projection of soft tissue (i.e. fat mass) can lead to an over¬ 
estimated aBMD [13]. 

In this study, we assessed the body composition and bone mass in 
a group of transsexual women before any kind of hormonal treatment 
and SRS compared with age-matched control men. In particular, we 
evaluated both areal bone density using DXA and volumetric bone pa¬ 
rameters using peripheral quantitative computed tomography (pQCT). 

Materials and Methods 

Study Design and Population 

All transsexual participants were diagnosed with gender identity 
disorder (DSM-IV, 302.85; ICD-10, F64.0) and were recruited from 
the center for Sexology and Gender Problems at the Ghent University 
Hospital, Belgium. Every patient was treated in accordance with the 
World Professional Association for Transgender Health standards of 
care [14]. 

This research is part of the ‘European network for the investiga¬ 
tion of gender incongruence’ (ENIGI), a collaboration of four major 
West European gender identity clinics (Amsterdam, Ghent, Hamburg 
and Oslo) [15], a study group created to obtain more transparency in 
diagnostics and treatment of gender identity disorder. 

Fifty-eight transsexual women were included in the study. After 
screening by thorough medical history and determination of serum 
sex steroids, 8 of them had been using or still used anti-androgens 
or estrogen substitution therapy. Those participants were excluded 
from the study. We selected all transsexual women at the age of 
peak bone mass (between 24 and 46 years old) and compared this 
group with age-matched control men and with a previously described 
male reference population, a cohort of young healthy male siblings at 
the age of peak bone mass (n = 941) [16], Peak bone mass was con¬ 
sidered the stable bone mass in men at the ages between 25 and 
45 years [17], 

A final number of 25 transsexual women who had never used any 
kind of cross-sex hormonal treatment nor anti-androgen therapy, and 
thus before SRS, was included. Serum testosterone, SHBG and estradiol 
levels of the 25 included transsexual women were comparable to that of 
age-matched control men. All participants were Caucasian. The male 
control population, matched for age (±2 year, median 1 year), were 
healthy men recmited from suburban communities around Ghent or 
who responded on posters spread at the Ghent University Hospital 
and on its website and in schools. 

Exclusion criteria for both groups were defined as illnesses or 
medication use known to affect body composition, hormone levels 
or bone metabolism such as current, prolonged or previous use (in 
the last 2 years) of glucocorticosteroids, (anti)androgens, estrogens, 
calcium and/or vitamin D supplements, antiepileptic drugs, calcito¬ 
nin, bisphophonates; presence of hypogonadism, untreated hyper¬ 
thyroidism, cystic fibrosis, malabsorption, eating disorders or disorders 
of collagen metabolism or bone development, chronic renal failure and 
autoimmune rheumatoid disease. 

All participants were currently in good physical health and com¬ 
pleted questionnaires about previous illness and medication use, cur¬ 
rent and past smoking habits and physical activity by recording the 
weekly frequency of sports, recreational and/or working activities 
(using the Baecke questionnaire [18]). Fracture prevalence in the par¬ 
ticipants was recorded after exclusion of finger, toe, and cranial frac¬ 
tures (a criterion used in previous literature on the male cohort) [19], 


Family history on fractures was available by the prevalence of signif¬ 
icant fractures in the participants’ parents. 

The study protocol was approved by the ethics review board of the 
Ghent University Hospital and all participants gave written informed 
consent. 


Body Composition, Muscle Strength and Areal Bone Parameters 

Body weight and anthropometries were measured in light indoor 
clothing without shoes. Standing height was measured using a wall- 
mounted Harpenden stadiometer (Holtain, Ltd., Crymuch, UK). 

Grip strength at the dominant hand was measured using an ad¬ 
justable hand-held standard grip device (JAMAR hand dynamometer, 
Sammons and Preston, Bolingbrook, IL, USA). The maximum strength 
of 3 attempts was assumed to best reflect the current status and his¬ 
tory of their musculoskeletal adaptation and was expressed in kilo¬ 
grams (kg). 

Body fat and lean mass, bone mineral content (BMC), bone area 
and areal bone mineral density (aBMD) at the lumbar spine and left 
proximal femur (total hip and femoral neck region) were measured 
using dual X-ray absorptiometry (DXA) with a Hologic Discoveiy 
device (Software Version 11.2.1, Hologic, Inc., Bedford, MA, USA). 
The coefficient of variation for both spine and whole-body calibration 
phantoms was less than 1%, as calculated from daily and weekly mea¬ 
surements, respectively. 


Volumetric Bone Parameters and Cross-sectional Muscle and Fat Area 

A pQCT device (XCT-2000. Stratec Medizintechnik, Pforzheim, 
Germany) was used to evaluate the cortical volumetric bone parame¬ 
ters at the dominant midradius and tibia (at 66% of bone length) and 
trabecular bone parameters at the metaphysis (at 4% of bone length) 
of the dominant radius. Procedure details were as described previ¬ 
ously [16]. 


Serum Analysis 

Serum testosterone was determined by liquid chromatography 
tandem mass spectroscopy (AB Sciex 5500 triple-quadrupole mass 
spectrometer; AB Sciex, Toronto, Canada) and 25-OH vitamin D 
by electrochemiluminescence immunoassay, ECLIA (Modular, Roche 
Diagnostics, Mannheim, Germany). Seasonality was ruled out as all 
participants were recruited throughout the entire year. 


Statistical Analysis 

Descriptives are expressed as mean and standard deviation or 
median [1st to 3rd quartile], when criteria for normal distribution 
were not fulfilled. P-values<0.05 were considered to indicate statisti¬ 
cal significance, all tests were two-tailed. Comparison of general char¬ 
acteristics and body composition between groups was made with an 
independent t-test or Mann-Whitney-U-test when variables were 
not normally distributed (Table 1). In qualitative variables, chi-square 
test or, when appropriate, Fisher's exact test was used. Multiple regres¬ 
sion analysis was used to compare bone parameters in transsexual 
women and male controls (Tables 2-4) and used models included 
height, weight and a grouping variable (transsexual or control group) 
as independents. The p-value of this grouping variable is indicated 
in the tables. Correlations were performed using Pearson's correlation 
coefficient (r) or Spearman's rank correlation coefficient (r s ) when vari¬ 
ables were not normally distributed. Data were analyzed using SPSS- 
software, version 19 (SPSS Inc., Chicago, IL). 


94 


E. Van Caenegem et al. / Bone 54 (2013) 92-97 


Table 1 

Descriptives of general and anthropometric determinations and physical activity in 
transsexual women before start of cross-gender hormonal treatment. 



Transsexual 

women 

(n=25) 

Matched 
Control males 
(n=25) 

Male reference 
population 
(n = 941) 

Age 

37(28-42) 

36 (28-42) 

34 (30-39) 

Weight (kg) 

74.4 ±15.3 

77.6 ±10.7 

80.8 ±11.5** 

Height (cm) 

180.2 ±5.9 

181.2±5.8 

179.6 ±6.5 

Current smoking (%) a 

20 

24 

23 

Pack year (years) 

1(0-8) 

1 (0-12) 

6(0-14)* 

Alcohol intake (units/week) 

0(0-7) 

15 (5-16)*** 

8 (3-15)*** 

Fracture prevalence (%) a 

20 

12 

32 

Sport index 5 

2.5 (1.8-3.5) 

2.8 (2.0-3.8) 

2.8 (2.0-3.3) 

Leisure time index 5 

3.0 (2.8-3.3) 

2.8 (2.5-3.3) 

2.8 (2.3-3.0) * 

Work index 5 

2.3 (1.9-3.1) 

2.6 (2.3-3.3) 

2.5 (2.1-3.3) 

Physical activity index 5 

8.1 (6.5—9.3) 

8.4 (7.9-94) 

8.0 (7.3-9.0) 

Total testosterone (ng/dl) 

587 ±220 

578 ±147 

584± 180 

25-OH vitamin D (ng/ml) 

15±7 

23 ±7*** 

21 ±8** 


Descriptives are expressed as mean±SD or as median (lst-3rd quartile) when not 
normally distributed. Variables were compared between groups using independent 
t-tests or Mann-Whitney-U test when not normally distributed. To convert ng/dl 
to nmol/1 for testosterone multiply by 0.0347. To convert ng/ml to nmol/1 for 25-OH 
vitamin D, multiply by 2.496. 
a Using chi-square-test. 

b Measured by the Baecke questionnaire on physical activity [18], 

*** p< 0.001. 

** 0.001<p<0.01. 

* 0.01 <p< 0.05. 


Results 

General Characteristics and Physical Activity 

Table 1 summarizes the comparison of general characteristics be¬ 
tween transsexual women (n = 25), age-matched controls (n = 25) 
and male reference population of the same age-range. Body weight, 
height and BMI were comparable between transsexual women and 
age-matched control men. There were 20% active smokers in this 
group compared with 24% controls. Men of the reference population 
seemed to smoke at a higher rate, as expressed by the higher number 


Table 2 

Descriptives of measures of body composition of transsexual women before start of 
cross-gender hormonal treatment. 



Transsexual 

women 
( n —25) 

Matched 
control males 
(n = 25) 

Male reference 
population 
(n = 941) 

Measures of fat mass 

BMI (kg/m 2 ) 

23.0 ±4.3 

23.7 ±3.2 

25.1 ±3.5 

Waist circumference (cm) 

82.5 ±11.0 

83.7 ±9.2 

86.5 ±9.6 

Hip circumference (cm) 

95.2 ±8.3 

95.7 ±5.6 

96.9 ±6.7 

Waist-to-hip-ratio 

0.86 ±0.05 

0.87 ±0.06 

0.9 ±0.1 

Fat body mass (kg) a 

14.1 ±6.6 

13.7 ±5.6 

16.2 ±6.4 

Forearm fat CSA (cm 2 ) 5 

8.0 ±4.6 

6.9 ±3.5 

8.5 ±4.1 

Calf fat CSA (cm 2 ) 5 

14.7 ±6.7 

13.4 ±4.5 

16.7 ±6.5 

Measures of muscle mass 

Grip strength (N/kg) 

44.7 ±9.0 

50.1 ±6.4* 

52.7 ±7.9 

Lean body mass (kg) a 

58.1 ±9.4 

61.0 ±6.8 

61.7 ±6.7 

Forearm muscle CSA (cm 2 ) 5 

39.6 ±6.1 

45.3 ±5.9*** 

45.04 ±6.04*** 

Calf muscle CSA (cm 2 ) 5 

78.3 ±14.1 

83.4 ±15.5 

82.6 ± 11.4 


CSA: cross-sectional area. 

Descriptives are expressed as mean ± SD. Variables were compared between groups 
using independent t-tests. 
a Measured with DXA. 
b Measured with pQCT. 

*** p< 0.001. 

** 0.001<p<0.01. 

* 0.01 <p< 0.05. 


Table 3 

Descriptives of bone parameters as measured by DXA at the lumbar spine and left hip 
of transsexual women before start of cross-gender hormonal treatment. 



Transsexual 

women 

(n = 25) 

Matched 

Control males 
(n = 25) 

Male reference 
population 
(n = 941) 

Lumbar spine 

Bone area (cm 2 ) 
BMC (g) 
aBMD (g/cm 2 ) 

69.2 ±7.0 

67.4 ±12.4 
0.97 ±0.13 

70.7 ±6.4 

74.2 ±10.1 

1.05 ±0.10 

71.4±6.8* 

75.8 ±13.1*** 
1.06±0.13* 

Femoral neck 

Bone Area (cm 2 ) 
BMC (g) 
aBMD (g/cm 2 ) 

5.8 ±0.5 

4.5 ±0.8 

0.78 ±0.12 

5.7 ±0.3 

5.2 ±0.6** 

0.92 ±0.13*** 

5.9 ±0.4 

5.2 ±0.8** 

0.88 ±0.13** 

Total hip 

Bone area (cm 2 ) 
BMC (g) 
aBMD (g/cm 2 ) 

44.0 ±3.8 

41.5 ±7.9 

0.94 ±0.14 

45.2 ±3.4 

50.1 ±6.7*** 

1.11 ±0.14*** 

45.3 ±4.4 

48.6 ±8.1*** 

1.07 ±0.13*** 

Whole body 

Bone Area (cm 2 ) 
BMC (g) 
aBMD (g/cm 2 ) 

2301.8 ±160.9 

2526.9 ±326.0 
1.09 ±0.07 

2347.9 ±129.2 
2900.4 ±313.0*** 
1.23 ±0.09*** 

2354.1 ±155.1 
2874.0 ±371.5*** 
1.22 ±0.10*** 


Descriptives are expressed as mean ± SD. All variables were corrected for weight and 
height. 

*** p< 0.001. 

** 0.001 <p<0.01. 

* 0.01 <p< 0.05. 

of pack years in this group compared with transsexual women. Trans¬ 
sexual women drank less alcohol units per week compared with both 
control groups. Physical activity during work or leisure time seemed 
to be higher in the age-matched control group due to a lower work 
and sport index in transsexual women, but this did not reach the 
level of significance. Serum 25-OH vitamin D levels were significantly 
lower in transsexual women compared age-matched control men 
and the male reference population. Seventy-two percent of transsex¬ 
ual women had a 25-OH vitamin D below 20 ng/ml, versus 32% 
in age-matched control men and 52% in the male reference popula¬ 
tion (chi-square test; respectively p = 0.010 and p = 0.065). Serum 

Table 4 

Descriptives volumetric bone parameters as measured by pQCT at the distal (trabecular 
parameters) and proximal proximal radius and proximal tibia (cortical parameters) of 
transsexual women before start of cross-gender hormonal treatment. 



Transsexual 

women 
(n = 25) 

Matched 
Control males 
(n = 25) 

Male reference 
population 
(n = 941) 

Radius 

Trabecular vBMD (mg/cm 3 ) 

218±42 

244 ±50 

229 ±41 

Trabecular bone area (mm 2 ) 

176 ±22 

183 ±28 

186±26 

Cortical vBMD (mg/cm 3 ) 

1091 ±36 

1113 ±28* 

1101 ±36 

Cortical bone area (mm 2 ) 

94 ±14 

102 ± 13* 

101 ± 14 

Cortical thickness (mm) 

2.21 ±0.30 

2.46 ±0.27** 

2.47 ±0.33*** 

Periostal circumference (mm) 

50 ±4 

49 ±4 

49 ±4 

Endosteal circumference (mm) 

36±5 

34 ±4 

33 ±5** 

Tibia 

Cortical vBMD (mg/cm 3 ) 

1120 ±23 

1120 ±28 

1114±24 

Cortical bone area (mm 2 ) 

346 ±41 

374 ±46* 

366 ±47 

Cortical thickness (mm) 

4.24 ±0.46 

4.52 ±0.62 

4.51 ±0.55* 

Periostal circumference (mm) 

95 ±6 

97 ±7 

95 ±6 

Endosteal circumference (mm) 

69 ±7 

69 ±9 

67 ±7 


Descriptives are expressed as mean ± SD. 

All variables were corrected for weight and height. All variables were corrected for 
weight and height, Logarithmic transformation was used when variables were not 
normally distributed. 

*** p< 0.001. 

** 0.001 <p<0.01. 

* 0.01 <p< 0.05. 
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testosterone was comparable in all groups. Fracture prevalence in 
transsexual women was similar to that in both control groups and 
familial history of fractures was also comparable in all groups (data 
not shown). 

Body Composition 

Compared to the healthy male reference population(n = 941), 
transsexual women weighed less and had a lower BM1. Waist and hip 
circumference and waist-hip ratio were similar in transsexual women 
and both control groups (Table 2). A considerably lower grip strength 
and muscle mass, reflected by the muscle cross-sectional area (CSA), 
was observed at the forearm in transsexual women versus both control 
groups. Muscle mass at the calf and lean mass also seemed lower in 
transsexual women compared to both control groups. Serum testoster¬ 
one was inversely correlated with fat mass in transsexual women (total 
body fat: r= — 0.423, p<0.05, fat CSA forearm: r= — 0.515 and fat CSA 
calf: -0.548, both p<0.01). 

Areal Bone Mineral Density Using DXA 

Transsexual women were found to have less bone mineral content 
(BMC) at the lumbar spine, hip, femoral neck and total body and a 
smaller bone area at the lumbar spine, total hip and total body than 
age-matched control men (Table 3). This results in a substantially 
lower aBMD at all studied sites in transsexual women compared 
with matched controls. Similar results were observed when com¬ 
pared with the male reference population: transsexual women had 
lower aBMD and BMC at all measured sites. The prevalence of osteo¬ 
porosis based on male reference ranges (T-score<2.5 SD, WHO-criteria 
as originally proposed for postmenopausal women), was 16% at the 
lumbar spine in transsexual women versus 4% in the age-matched 
male controls and 2.1% in the male reference population (chi-square 
test, respectively non-significant and p<0.001). The proportion of 
transsexual women with osteopenia ranged from 32% at the lumbar 
spine, 36% at the total hip and up to 44% at the total body and 48% at 
the femoral neck compared with 4%, 0%, 5 % and 12% respectively of 
the age-matched control men (chi-square test, all p< 0.004). Based on 
female reference ranges to calculate T-score, as more recently suggested 
to define osteoporosis in men [20], at the lumbar spine, osteoporosis 
was observed in 8% and osteopenia in 28% of the transsexual women 
compared with respectively 4% and 12% in age-matched male controls 
and 0.7% and 14% in the male reference population. A distribution of 
the z-scores of the lumbar spine is illustrated in Fig. 1, and is different 
between transsexual women and age-matched control men. 

Muscle mass parameters (muscle CSA at the forearm and calf and 
total body lean mass), were significantly correlated with aBMD and 
BMC at all measured sites (all r> 0.410 and p<0.05). No significant 
correlations were obseived between areal bone parameters and serum 
testosterone, 25-OH vitamin D, tobacco use (pack years), alcohol units 
per week or physical activity in transsexual women. 

Volumetric Bone Parameters at the Upper and Lower Limb Using pQCT 

We observed a significantly lower trabecular volumetric BMD 
(vBMD) at the distal radius in transsexual women compared to age- 
matched control men. At cortical sites (proximal radius and tibia), 
we found a lower cortical bone area and an apparently thinner cortex 
in transsexual women vs. age-matched controls (Table 4). Compared 
with the male reference population, the difference in cortical area 
was less pronounced, but the cortex was significantly thinner in 
transsexual women probably due to the observed larger endosteal 
circumference in transsexual women. 

Grip strength was positively correlated with trabecular vBMD 
(r = 0.478, p<0.05), cortical bone area and thickness at the radius 
(resp. r = 0.524, p<0.001 and r = 0.468, p<0.05). At the tibia, muscle 
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Fig. 1. Lumbar spine Z-score distribution in transsexual women before start of cross-gender 
hormonal treatment compared to control men. 

CSA of the calf was positively correlated with cortical bone area 
and periosteal circumference (resp. r = 0.527 and r = 0.535, both 
p<0.001). Tibial cortical bone area correlated also with physical activ¬ 
ity (r s = 0.397, p<0.05). Alcohol units per week were inversely corre¬ 
lated with cortical parameters at the radius in transsexual women 
(cortical vBMD: r s = —0.526, p<0.001, bone area: r s =—0.397 
p<0.05, cortical thickness: r s = — 0.433, p<0.05). We found no signif¬ 
icant correlations between volumetric bone parameters on the one 
hand and 25-OH vitamin D, serum testosterone or pack years on the 
other hand. 

Discussion 

To our knowledge, this is the first study to report data on volumetric 
bone parameters using pQCT in a group of transsexual women prior 
to any kind of hormonal therapy or gender reassignment surgery. Our 
results demonstrate that before any kind of cross-sex hormonal treat¬ 
ment or surgery, transsexual women already have a different bone 
and muscle mass compared with other biological males. Transsexual 
women present with a lower BMC and aBMD as well as a higher per¬ 
centage of osteoporosis compared with age-matched control men. 
Using pQCT, a thinner bone cortex with a lower cortical bone area in 
transsexual women compared with control men was found. Further¬ 
more, transsexual women before cross-sex hormonal therapy have 
less muscle mass and strength compared with control men. 

Limited data on this subject exists, although our results are in line 
with the observations of Haraldsen and colleagues (2007), who also 
found a lower aBMD at the lumbar spine and total hip, lower lean 
body mass and higher fat mass in 21 Norwegian transsexual women 
before the start of hormonal therapy [3]. 

A first explanation for our results can be found in the lower muscle 
mass and strength in transsexual women. We observed positive 
associations between muscle mass and strength and areal bone pa¬ 
rameters as well as volumetric bone parameters. Indeed, muscle 
force is an important stimulus for bone growth and maintenance 
and consequently less mechanical stimuli, due to a lower muscle 
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mass or lower physical activity, can cause bone loss [21,22]. Transsex¬ 
ual women seemed to participate less in sports and physical activity 
at work though the results were non-significant. This confirms in 
previous research in transsexual women [4,23 j. It has also been ob¬ 
served that transsexual girls (biological boys) avoided competitive 
physical sports and were less fond of rough and tumble play 
[23,24]. We might hypothesize that the lower physical activity, due 
to different lifestyle of transsexual women, might be one of the rea¬ 
sons for the observed lower muscle mass and strength. In fact, phys¬ 
ical activity at young age during growth is mandatory for optimal 
augmentation of bone mass, cortical bone size and trabecular vBMD, 
leading to the peak bone mass in young adulthood [25-27], Later in 
life, physical activity has been shown to preserve bone mass and 
structure and might even reduce the risk of osteoporosis [28-31]. In 
several prospective cohorts of men, a positive relationship between 
aBMD and physical activity was observed [29,31]. In a Flemish male 
cohort, at the age of 40, the sports score (Baecke questionnaire) 
was, after BMI, the most important explaining variable for adult 
BMD and grip strength was the most important for BMC at the lumbar 
spine and total body, independent of weight and height [29]. Moreover, 
higher participation rates in sports (Baecke questionnaire) were associ¬ 
ated with higher femoral neck aBMD in 20-49 year old men and 
women independent of body composition [32]. We could assume that 
a more sedentary lifestyle, leads to lower aBMD in transsexual women. 

A second reason for the lower bone mass in transsexual women 
might be found in the low vitamin D status of transsexual women. The 
high prevalence of vitamin D deficiency (72%) in transsexual women 
might be attributed to a different lifestyle with less social or outdoor ac¬ 
tivities. Adolescents with gender identity disorder (transsexual girls) 
participated indeed less in sports, hobbies and games than a reference 
population [23], The role of vitamin D in bone health and maintenance 
is well known [33-38]. Positive relationships have been observed be¬ 
tween 25-OH vitamin D and aBMD in several cohorts of young men 
[34-37] and 25-OH vitamin D is a determinant of peak bone mass 
[34]. Relationships seem to be strongest when 25-OH vitamin D levels 
are below 50 nmol/1 (20 ng/ml) [33,35,38], which includes the majority 
of the studied transsexual women. In our group, however, no correla¬ 
tions between 25-OH vitamin D and bone parameters could be ob¬ 
served. Furthermore, vitamin D deficiency is also associated with 
changes in muscle morphology [34] and even with skeletal muscle 
function and physical performance, although the evidence for the latter 
is subject to confounding factors [34,39]. Thus, the lower muscle mass 
and vitamin D levels could reflect a less active lifestyle of transsexual 
women, but interaction between these factors could exist. 

Thirdly, other lifestyle factors such as alcohol and tobacco use should 
be considered. The detrimental effects of smoking on bone maintenance 
[40] and on bone density and geometry in young males are well 
established [19,41 ]. High rates of smoking have been reported in trans¬ 
sexual women using hormonal therapy [4,8,42], but in this group of 
young transsexual women, the percentage of smokers was similar to 
male controls and the median amount of pack years was even lower. 
Above that, smoking was not related to bone parameters in this 
group. The observed difference in bone mass could not be explained 
by a difference in smoking habits between transsexual women and 
controls. 

The effects of alcohol consumption on bone are linked to the dose 
ingested and the duration of consumption. From 2 to 4 drinks per day, 
alcohol can influence bone, although the exact effects depend on the 
age, sex, and hormonal status of the consumer as well as the type of 
alcoholic beverage [43], Transsexual women reported a low weekly 
alcohol consumption and remarkably lower than control males. 

A fourth explanation for the different bone and body composition, 
can be sought in sex steroid differences between transsexual women 
and control males. However, the study protocol was performed 
prior to the start of hormonal therapy and SRS and the use anti¬ 
androgens or estrogens in the past was an exclusion criterion. Serum 


testosterone in transsexual women was comparable to control males. 
Alterations in testosterone and estrogen have an important effect on 
bone, but as there are no differences in serum testosterone, sex steroids 
do not seem to play a role in the lower bone mass of transsexual 
women. Inverse associations between fat mass parameters and serum 
testosterone, have also been described in previous research on the 
male cohort together with a positive relationship between estradiol 
and fat mass [44], These associations are most likely due to aromatiza- 
tion of testosterone in fat tissue. 

Finally, the lower fracture prevalence in transsexual women may 
seem in contradiction with the higher prevalence of osteoporosis. 
This could be due to the lower risk of trauma in transsexual women, 
as they exhibit a less sportive and less active lifestyle and consequently 
a lower risk for traumatic fracture [45], 

Conclusion 

In conclusion, we found that transsexual women, prior to any 
hormonal treatment, have lower muscle mass and strength, lower 
bone mineral density and a smaller cortical bone area and thickness 
possibly in relation to a different lifestyle compared to control males. 
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